COMPARING SHIP VERSUS AIRCRAFT DEVELOPMENT COSTS by Ferreiro, Larrie D.
Calhoun: The NPS Institutional Archive
DSpace Repository
Acquisition Research Program Acquisition Research Symposium
2018-04-30
COMPARING SHIP VERSUS AIRCRAFT
DEVELOPMENT COSTS
Ferreiro, Larrie D.
Monterey, California. Naval Postgraduate School
http://hdl.handle.net/10945/58803
This publication is a work of the U.S. Government as defined in Title 17, United
States Code, Section 101. Copyright protection is not available for this work in the
United States.
Downloaded from NPS Archive: Calhoun





• Introduction and Research Methodology
• Ship versus Aircraft Development Costs in Context
• C-17 versus T-AKE Development Costs 
• Analysis of Development Expenditures 
• Explanations for Differences in Development 
Expenditures 
• Rationale behind Differences in Development 
Expenditures 







ARE SHIPS DIFFERENT? 
Spoiler alert: Yes
4
• “Ship programs do not typically 
design and build prototype units 
designated solely for test”
• Full-scale production for ships 
begins at Milestone B 
• Other programs prototyped during 
engineering development phase 
after Milestone B
• Full scale production at Milestone C
5
SHIP VERSUS AIRCRAFT 
DEVELOPMENT COSTS IN CONTEXT
6
7
Ship versus Aircraft Costs as of 2005
Same trend for commercial and military platforms




.       
C-17 and T-AKE
WHY COMPARE C-17 AND T-AKE? 
• Broadly similar missions:  carry cargo
• Very few weapon and combat systems







ANALYSIS OF DEVELOPMENT 
EXPENDITURES 
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EXAMPLE MAJOR COST ITEMS 
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C-17 T-AKE
Prototype manufacture + test, 1 
flyable craft & 2 ground craft ($2.3B)
Early-stage design work including
small-scale model tests ($1M) 
Systems integration ($114M) Systems integration ($6M) 
Structural development and analysis
($340M)
Detail design ($120M) 
Power and electrical systems 
($150M) 
Avionics and flight control, including 
full-scale cockpit mockups ($200M) 
EXPLANATIONS FOR DIFFERENCES 
IN DEVELOPMENT EXPENDITURES 
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SHIP VERSUS AIRCRAFT PROGRAMS  
Ship programs generally marked by:
• Competition in design stage only 
• Engineering development models at system /subsystem level
• Certification via military specifications, Commercial Vessel 
Rules or Naval Vessel Rules, modeling and simulation (M&S)
Aircraft programs generally marked by
• Full-scale fly-offs between competing concepts (common for 
military aircraft like fighters, rare for commercial aircraft)
• Engineering development models at full scale
• Production prototypes at full scale  
• Certification via extensive M&S and full scale testing
CONCEPT DEVELOPMENT TO 
MILESTONE A: SHIPS VERSUS AIRCRAFT
Ships
• Analysis of Alternatives
• Feasibility studies for system reqt’s
• Evaluation of system concepts
Aircraft
• Analysis of Alternatives
• Feasibility studies for system reqt’s
• Evaluation of system concepts 
• Extensive small-scale testing 
TECHNOLOGY DEVELOPMENT TO 




• Some full-scale subsystem prototypes 
Aircraft
• Extensive full-scale system prototypes
• One to nine full-scale aircraft 
prototypes (i.e., NOT in service)
• Fly-off
SYSTEMS DEVELOPMENT TO 
MILESTONE C: SHIPS VERSUS AIRCRAFT
Ships
• Detailed design and construction
• Third-party certification of plans / 
construction, e.g. ABS  
• Test / acceptance of other systems, 
e.g. radar 
Aircraft
• Detailed design and construction
• Numerous full-scale engineering 
integration models
• Certification by full-scale testing
RATIONALE BEHIND DIFFERENCES 
IN DEVELOPMENT EXPENDITURES 
19
BOTTOM LINE
Primary driver of the difference between the 
costs for aircraft and ship development is the   
full-scale testing and prototyping for aircraft 
verification and validation, versus the rules-
and-standards-based system for ships 
20
Why should this be the case? 
MYTHBUSTING
1. Myth: Aircraft are inherently more dangerous, so 
need rigorous full-scale testing of safety-critical 
systems.  Facts: TWA800 lost 230 lives (1996); 
MV Estonia lost 852 lives (1994)
2. Myth: Ships have lower production numbers, so 
don’t warrant prototyping.  Facts: DDG 51 has 77 
units, F-22 has 187 units, B-2 has 21 units 
3. Myth: Aircraft are more complex than ships, so 
require more extensive testing.  Facts: Ohio
SSBN has 350,000 parts, F-16 fighter has 
175,000 parts   
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• There are NO valid reasons why aircraft 
could not be designed, tested and built 
using the rules-and-standards methods 
for ships, without resort to expensive full-
scale prototyping
• Conversely, there are MANY valid reasons 
why shipbuilding programs could and 
should incorporate full-scale prototyping 
as part of the verification and validation 
process.
22
So again, why does this difference exist?
23
Ships are the product of        
19th-century rule-of-thumb 
engineering.  The same men 
who built civil structures like 






THE CIVIL ENGINEERING INHERITANCE:              
“BUILDING CODES” THROUGH THE 20TH CENTURY
NYC Structural 
Design Code
ABS Steel Vessel 
Rules 
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Aircraft are the product of 
20th century physics-based 
engineering.   Prandtl and 
von Karman had the same 
education as Einstein
In the 1920s, the USN funded 2 ship 
model basins, EMB and Michigan
Same time, NACA had 12 wind tunnels
EMB had $100K annual funding
NACA had $1.3M annual funding  
X-program test aircraft
AIRCRAFT ONCE HAD THE SAME 
CLASSIFICATION PROCESS AS SHIPS
• In the 1930s, Aircraft International 
Register (AIR) set up to provide 
classification services for aircraft as 
they did with ships
• ABS, LR, BV all set up aircraft divisions
• Governments took over airworthiness 
certification, AIR folded in 1939   
26
CONCLUSIONS 
• Aircraft cost 10-200x more to develop than ships 
• This is due to extensive use of full-scale 
prototyping in the aircraft industry, never done 
for ships.  This is NOT because of any inherent 
technical differences between platforms
• Reason is that ships are product of 19th century 
rule-of-thumb engineering, aircraft product of 
20th century physics-based engineering
• Even in the 21st century, engineering culture is 




• Investigate cost-benefit of full-scale prototyping as part of 
shipbuilding verification and validation
• Initial investment versus savings in lives / property / availability, 
e.g., from reduced damage from collisions 
• US Navy can lead the way as it has done in past
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QUESTIONS?
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